INTRODUCTION
Although the virus particle of group A arboviruses is known to consist of an inner ribonucleoprotein 'core' surrounded by an outer lipoprotein 'envelope', the biological roles of these components are at present uncertain. By dissociation of the viruses with sodium dodecyl sulphate, urea and a reducing agent, it has been shown (Strauss et al. 1968; Friedman, 1968; Hay, Skehel & Burke, 1968; Horzinek & Mussgay, 1969 ; Kfifiri~iinen, Simons & yon Bonsdorff, 1969 ) that core and envelope each contain a single major virusspecific protein. However, as this treatment destroys most of the known biological activities, it was desirable to use less vigorous methods to prepare biologically active components from Semliki Forest virus (Appleyard & Stanley, I97O) . The separation and some properties of virus components are described in this paper.
METHODS
Virus. The American type culture strain VR67 of Semliki Forest virus (SFV), at twelfth passage in mouse brains, was grown in suspension cultures of chick embryo cells (Zwartouw & Algar, 1968 ) . After precipitation of cellular debris with protamine sulphate, the virus was purified by isopyknic banding in sucrose in the zonal ultracentrifuge, followed by centrifugation onto a cushion of sucrose and removal of the sucrose by passage through a column of Sepharose 4B (J. D. Oram, D. H. J. Titmuss & K. H. Grinstead, in preparation). The final virus suspension in phosphate-buffered saline (PBS) pH 8, had an infectivity of about IO 1~ p.f.u./ml, and a protein content of about 2 mg./ml. Analytical ultracentrifugation indicated the presence of not more than 5 % impurity.
Virus infectivity was titrated as p.f.u./ml, in chick embryo cells suspended in agar (Zwartouw & Algar, I968).
Titration of virus antigens. Complement fixing (CF) activity was titrated in duplicate by the method of Lennette (1964) , using antiserum derived from guinea-pigs hyperimmunized with SFV grown in mouse brain.
Haemagglutinin (HA) was titrated in duplicate by the method of Clarke & Casals (1958) , using goose erythrocytes at pH 6-1.
Neutralizing antibody blocking (NAB) activity was titrated by incubating serial two-or threefold dilutions of antigen in PBS containing 1% bovine serum albumin with a final lO .3 dilution of rabbit SFV hyperimmune serum at 37 ° for 2 hr; infective antigens were first inactivated by u.v. light. After the addition of an equal volume of SFV (4ooo p.f.u./ml.) incubation was continued for a further z hr, and the mixture titrated for residual infectivity. In the absence of any blocking antigen, the virus infectivity was reduced to about 5 % of the control value, and when the antiserum was fully blocked, infectivity was not reduced. The NAB titre of an antigen was taken as the dilution that allowed 5o Uo neutralization of infectivity.
Immunodiffusion tests were carried out on microscope slides by the method of Crowle (I958), using as antibody the globulin fraction obtained by sodium sulphate precipitation of guinea-pig hyperimmune serum similar to that used in CF tests. This antibody did not react with uninfected chick ceil extract nor with cell culture medium.
Estimation of protein and nucleic acid. Protein was measured in the Technicon Autoanalyser by the method of Lowry et al. (1951) , using bovine serum albumin as standard.
Virus RNA was measured by its E26o, corrected for the presence of protein, with RNA from Escherichia coli MRE 60o (Robinson & Wade, 1968) as standard.
Sedimentation analyses in the analytical ultracentrifuge. These were performed in the Spinco model E ultracentrifuge (Beckman Instruments Inc., Belmont, California). The temperature was controlled at 25"oo _+ o.o5 ° and the schlieren phase-plate optical system was used, with a bar angle of 60 °, to record the sedimenting boundaries. The statistical slope of log x against t was employed to calculate S. Buoyancy correction factors, determined by isopyknic banding of particles and virus components in sucrose or citrate density gradients, of 0"855 for whole particles, o.7o 4 for 'core' and o.9oo for 'envelope' fractions were used to convert S to S2o,w. The corrections for solvent density were calculated from viscosities determined in Ostwald-type viscometers at 25 ° (+ o-o I °).
Rate zonal centrifugation. Two ml. portions of disrupted virus were layered on 24 ml. of a 5 % to 30 % (w/v) linear gradient of sucrose dissolved in PBS containing o.I ~o Nonidet, o'2 % sodimn deoxycholate or o-I % Tween 80 as appropriate. After centrifugation for 2 hr at 25,0o0 rev./min, in the SW 25 rotor of the Spinco model L ultracentrifuge, I ml. fractions were taken from the bottom of the tube. For the routine separation of 'envelope' and 'core' components, 4 ml. Nonidet-treated virus was centrifuged through a similar gradient.
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RESULTS
Disruption of Semliki Forest virus
Virus was disrupted by three types of treatment: exposure to o.2 % Nonidet-P 4o at room temperature for 1 hr, exposure to 0.2 % sodium deoxycholate at room temperature for I hr or shaking with o.5% Tween 80 for 15 min, followed by shaking with an equal volume of ether for I hr and evaporation of the ether in vacuo. All treatments caused an almost complete loss of virus infectivity, but HA and CF activities were unaffected or increased, and NAB activity was only slightly reduced. Table I shows the biological properties of a single sample of SFV treated in these three ways.
The effects of the various treatments on virus structure were examined by analytical ultracentrifugation and by rate zonal centrifugation through sucrose density gradients. The results indicated that in each case the virus was split into a rapidly sedimenting (120 to 14o s) 'core' component and one or more slowly sedimenting 'envelope' components. * Titre denotes the reciprocal of the dilution at which the end point was reached.
Properties of Nonidet-treated virus
The schlieren patterns obtained in the analytical ultracentrifuge were similar whether virus was disrupted with o.i %, o-2 % or o'5 % Nonidet. Thus, a rapidly sedimenting component had S20,w values of I43S, ~34s and ~2os, respectively, and a slowly sedimenting component of between 2I and 32s was obtained at all Nonidet concentrations. The extracts also contained more slowly sedimenting material with S20,w values in the range of 8 to I3S.
The results of rate zonal centrifugation of Nonidet-treated virus are shown in Fig. I. There were two peaks of protein: the lower peak contained about 15 % of the total protein and all the RNA, whereas the upper peak contained most of the virus protein but no detectable RNA. Both peaks had CF activity, but HA and NAB activities were confined to the upper peak. It was concluded that the lower peak consisted of intact virus cores, corresponding to the I34s component observed in the analytical ultracentrifuge, and that the upper peak contained fragments of virus envelope corresponding to 8 s to z6s material. The two types of component were efficiently separated, for the core region of the gradient contained less than o.i % of the total HA. If, however, the virus was treated with o.I % instead of o-2 % Nonidet, an appreciable amount of HA activity was found in the core region of the gradient.
In immunodiffusion tests, intact virus gave a single precipitin line, but Nonidet-treated virus produced multiple lines (Fig. za) . The isolated virus envelope material produced a broad band, sometimes with additional lines, and cores gave either one or two lines. The core and envelope antigens showed reactions of non-identity ( 
Properties of deoxycholate-treated virus
The effect of deoxycholate on SFV was similar to that of Nonidet in that a core component of I25s was observed in the analytical ultracentrifuge. However, almost all the envelope material sedimented as a single boundary of 34s (o.1% deoxycholate) or 27s (o.25 % deoxycholate). Attempts to determine the effects of higher concentrations of deoxycholate were unsuccessful because of PBS-induced micelle formation by deoxycholate and an apparent precipitation of cores.
Rate zonal centrifugation of deoxycholate-treated virus gave peaks of protein, nucleic acid and biological activities similar to those obtained from Nonidet-treated virus. But the core peak contained from z % to 5 % of the total HA and NAB activities, indicating the presence of an appreciable amount of contaminating envelope material in this region.
Properties of Tween ÷ ether-treated virus
Tween 8o + ether appeared to cause a less extensive disruption of SFV than either Nonidet or deoxycholate. Thus, although a I25s core component was observed in the analytical ultracentrifuge, much of the envelope was obtained as 67s material in addition to an 8s component. Rate zonal centrifugation of Tween + ether-treated virus produced three peaks of protein, presumably corresponding to those observed in the analytical ultracentrifuge. The lower protein peak contained the virus nucleic acid. All peaks had CF activity, but HA and NAB activities were greatest in the middle peak (Fig. 3) .
Properties of virus treated with sodium dodecyl sulphate
To produce more complete disruption, SFV was treated with a combination of 1% sodium dodecyl sulphate, I M-urea and IO -2 M-dithioerythrytol for I hr at room temperature. This procedure abolished the HA and NAB activities of the virus, and only about 25 % of the original CF activity was retained. When the extract was examined in the analytical ultracentrifuge, only one component of 3"os was observed; the concentration of RNA was evidently below that detectable by the schlieren optical method. However, RNA, well separated from protein, was obtained by centrifuging the extract through a sucrose density gradient. The residual CF activity was confined to the protein region at the top of the gradient. Using the u.v. optical system, the RNA was found to sediment in the analytical ultracentrifuge as a sharp boundary of 44s. This result is in good agreement with the approximate value of 42s obtained by rate zonal centrifugation in sucrose density gradients (Friedman, Levy & Carter, 1966; Kfifiri~iinen et al. I969) .
Further dissociation of virus envelopes
Attempts to separate antigens from the envelope fraction obtained by rate zonal centrifugation of Nonidet-treated virus were unsuccessful. However, preliminary treatment of the isolated envelope fraction with a low concentration of trypsin did permit the separation of envelope components.
Virus envelope fraction was incubated with a range of concentrations of trypsin at 34 ° for I hr, and the reaction was stopped by the addition of an equal concentration of soyabean trypsin inhibitor. The biological activities of the envelope were reduced only slightly by trypsin up to a concentration of I #g./ml. (Table 2 ). However, in immunodiffusion tests, the trypsin-treated envelope produced three well defined lines, all of which linked with the broader band seen with the untreated envelope fraction. The envelope components responsible for the three lines will be referred to as antigens I, 2 and 3, counting away from the antigen well * Titre denotes the reciprocal of the dilution at which the end point was reached. (Fig. 4a) . Treatment with higher concentrations of trypsin showed that antigen 3 was more sensitive to trypsin than antigen z, and revealed a reaction of nonidentity between antigens 2 and 3 (Fig. 4b) . Additional lines were sometimes produced by trypsin-treated envelope fraction, but these were variable and not easily recognized. A similar dissociation was produced, though less consistently, by incubation of envelope fraction in the absence of trypsin at 34 ° for about z days.
In contrast to the extreme trypsin sensitivity of isolated envelope fragments, exposure of intact SFV to trypsin ~ mg./ml, neither liberated antigens nor reduced infectivity. 
Separation and properties of envelope components
The virus envelope fraction was incubated with trypsin I #g./ml. at 34 ° for I hr and an equal amount of soyabean trypsin inhibitor was then added. The treated material was examined by the following chromatographic methods.
Gelfiltration. When trypsin-treated envelope fraction was filtered through a column of Sephadex G-2oo equilibrated with PBS containing o.I ~o Nonidet, HA and NAB activities emerged in the void volume, whereas CF activity was found in both early and late fractions (Fig. 5) . Immunodiffusion tests showed that antigen I was eluted in the void volume, antigen 2 was slightly delayed, and antigen 3 greatly delayed. Antigen 3 was therefore obtained free from antigens I and 2, and antigens r and 2 were partially separated from each other (Fig. 5, 6 ).
The molecular weight of antigen 3 was estimated by gel filtration (Andrews, 1964) . Trypsinized envelope fraction was mixed with marker proteins of known molecular weight, and o"z5 ml. was filtered through a 8. 5 ml. column of Sephadex G-75 equilibrated with PBS containing o. 1% Nonidet. In one test, antigen 3 had a kay of 0-60, compared with a value of o'I7 for ovalbumin (tool. wt. 45,0oo) and o.52 for cytochrome c (tool. wt. 12,4oo ). In another, the k~v of antigen 3 was o.6I and that of sperm whale myoglobin (tool. wt. I7,8oo) was 0"44. A plot of k~v against log. molecular weight indicated that antigen 3 had a molecular weight about 9ooo.
Chromatography on DEAE-celIulose. After dialysis against o.oI M-phosphate buffer pH 8, containing o.I % Nonidet, trypsin-treated envelope fraction was chromatographed on DEAE-cellulose equilibrated with the same buffer (Fig. 8) . Although a small amount passed through the column in this and other experiments, most of the HA and NAB activities were adsorbed, and all the adsorbed activity was eluted by o.l M-sodium chloride. In contrast, less than half of the CF activity was adsorbed, but again the adsorbed material was Fig. 6 . Immunodiffusion of envelope antigens separated on Sephadex G-2oo. ET, trypsin-treated envelope fraction; numerals, column fractions from experiment illustrated in Fig. 5 ; Ab, anti-SFV globulin. Column fractions 5 and 6 contained antigens I and 2; column fractions I5 and I6 contained antigen 3. Fig. 7 . Immunodiffusion of envelope antigens separated on calcium phosphate. Numerals, colunm fractions from experiment illustrated in Fig. 9 ; Ab, anti-SFV globulin. Comparison with unfractionated material showed that the predominant line in fractions 5 and 6 was produced by antigen 3, in fraction I3 by antigen 2, and in fractions 22 and 23 by antigen I.
Dissociation of Semliki Forest virus I87
eluted by o.I M-sodium chloride. The distribution of antigen [ was similar to that of HA and NAB activities, but antigens 2 and 3 failed to adsorb to the column. The eluate therefore contained antigen ] free from antigens 2 and 3. None of the envelope antigens was adsorbed to CM-cellulose in o.oi N-phosphate buffer pH 8. 8 . Chromatography of trypsin-treated envelope fraction on DEAE-cellulose. 0. 5 ml. antigen (CF titre 37o, NAB titre 1,9oo, HA titre 9o0o) was applied to a 4 ml. column and eluted with 3"5 ml. o.oi M-phosphate buffer pH 8 + o" I ~oo Nonidet, followed by 3"5 ml. oq M-sodium chloride in phospbate buffer+Nonidet and 8 ml. o'5 M-sodium chloride in phosphate buffer+Nonidet. The first 2 ml. eluate was discarded, and then 0"5 ml. fractions were collected.
•
HA. The three antigens were identified by immunodiffusion. Fig. 9 -Chromatography of trypsin-treated envelope fraction on calcium phosphate. 0"5 ml. antigen (CF titre I5OO, NAB titre 3300, HA titre 64oo ) was applied to a 2"5 ml. column and eluted with 3 mI. o.oI M-phosphate buffer pH 8+o-I ~ Nonidet, followed by I5 ml. gradient of o.ot M-to 0"5 M-phosphate buffer pH 8+ Nonidet. The first 0"5 ml. eluate was discarded, and then 0"5 ml. fractions were collected.
• Chromatography on calcium phosphate. Trypsin-treated envelope fraction was applied to a column of hydroxylapatite equilibrated with o.oi M-phosphate buffer pH 8, containing o.1% Nonidet, and the column eluted with a gradient of phosphate buffer, pH 8. The eluate contained three peaks of CF activity (Fig. 9 ). HA and NAB activities were present in the third peak and in the later part of the second peak. The first peak contained antigen 3, the second peak antigen 2 and some antigen I, and the third peak antigen I only (Fig. 7, 9 ).
DISCUSSION
In recent studies on the structure of arboviruses, use has been made of the ability of detergents to dissociate the lipid-containing particles. Treatment with sodium dodecyl sulphate, urea and a reducing agent dissociates SFV into its individual protein and RNA constituents (Friedman, 1968; Hay et al. 1968) . However, we have found that the HA and NAB activities of SFV are destroyed and the CF activity reduced by this type of treatment, indicating that a certain minimum size or complexity of protein or lipid plus protein is required for the expression of HA and NAB activities. Extraction under milder conditions, for example by Tween 8o+ether (Mussgay & Rott, I964; Mussgay & Horzinek, I966) , sodium deoxycholate (Strauss et al. I968 ; K/i/irifiinen et al. I969) and Nonidet-P4 o (K/i/iri~iinen et al. I969) , has been used to release virus components with retention of some of the biological properties of the intact particles. We found that these treatments were basically similar in their effects on the virus. All caused the release of the ribonucleoprotein core of about 130 s and yielded envelope fragments with full HA, NAB and CF activities. However, although the virus cores were free from envelope material after treatment of SFV with o.2 % Nonidet, envelope-associated activities (HA, NAB) were present in the core fractions produced by treatment with Tween 80 + ether, sodium deoxycholate or lower concentrations of Nonidet. Also, the size of the envelope fragments differed after the various types of treatment, being largest in Tween +ether-treated virus (67s) and smallest in virus treated with 0.2 % Nonidet (mostly 8s to ~3s). It is likely that these differences were the result of varying degrees of disruption produced by fundamentally similar processes, the most important of which may be the removal of lipids essential for the structural integrity of the virus.
Because of the better separation of virus components by Nonidet-P 4o, we have used this detergent for the routine preparation of cores and envelopes. Only the envelope fraction was able to react with virus-neutralizing antibody. Immunodiffusion tests confirmed that the envelopes and cores were serologically distinct. Treatment of the envelope fraction with dilute trypsin liberated at least three separate antigens which, as they differed in their size and other physico-chemical properties, could be partially separated. In immunodiffusion tests, antigens 2 and 3 gave reactions of non-identity, but both appeared to give a reaction of partial identity with antigen I. It therefore seems possible that antigen r contains antigens 2 and 3 as part of its structure. Examination of the biological properties of partially separated antigens showed that, whereas all three envelope antigens fixed complement, the HA and NAB activities were associated only with antigen I. Our inability, as yet, to separate NAB and HA activities suggests that antigen I may be a virus component important for both haemagglutination and the induction of neutralizing antibody.
Several workers have detected, by polyacrylamide gel electrophoresis of completely dissociated virus, only a single species of protein in the envelope of group A arboviruses. This envelope protein has a molecular weight of 5o,ooo to 6o,ooo in both Sindbis virus (Strauss, Burge & Darnell, I969) and Semliki Forest virus (Simons & Kfi~iri~iinen, 197o ) . It is desirable, if possible, to correlate this result with our demonstration of multiple antigens in the virus envelope. The behaviour of antigen I on Sephadex gel filtration indicates a particle weight considerably in excess of 2oo,ooo; this antigen might therefore be an aggregate of several molecules of envelope protein, possibly in association with lipid. Antigen 3, in contrast, had a molecular weight of only 9ooo, and so could be no more than a small fragment of the envelope protein. Antigen 2, whose behaviour on gel filtration indicated a size between that of antigens I and 3, and which did not cross-react serologically with antigen 3, might be the other, larger fragment of the envelope protein. Alternatively, it is possible that the virus envelope contains more than a single species of protein and that these were dissociated by the action of trypsin upon some structural link between them. This would be comparable to the release of neuraminidase from influenza virus particles by trypsin (Noll, Aoyagi & Orlando, I962) . The further examination of SFV envelope components by both immunodiffusion and polyacrylamide gel electrophoresis should decide between these alternatives.
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